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@ Cordierite honeycomb -structural body and a method for producing the same. 

@ A cordierite honeycomb structured body to be used as a 
catalyst carrier, having excellent heat resistance, thermal shock 
resistance and coatability with a high specific surface area 
material and a catalyst is disclosed, which have a chemical 
composition consisting mainly of 42-56<Vb by weight Si02. 
30-45o/o by weight of AI2O3 and 12-16<Vo by weight of MgO. 
having a crystal phase consisting mainly of cordierite, and 
having coefficients of thermal expansion of not higher than 
0.3 x 10~ S /°C in the flow-passage direction of the honeycomb 
structure and not higher than 0.5x10~ fl / o C in a direction 
perpendicular to the flow-passage of the honeycomb structure 
within the temperature range of 40-800° C. A cordierite 
honeycomb-structural body, which has further such a distribu- 
tion of the diameters of pores that the total volume of pores 
having a diameter of 0.5-5 um is not less than 4Wo and the total 
volume of pores having a diameter of not smaller than 10 um is 
not more than 30% based on the total pore volume in the body, 
has excellent coatability and thermal shock resistance after 
coating. 
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O scription 

CORDIERITE HONEYCOMB-STRUCTURAL BODY AND A METHOD FOR PRODUCING TH E SAME 

The ores nt invention relet s to a cordierite honeycomb-structural catalyst carrier, and more particularly 
relates to a low-thermal expansion hon ycomb-structural body having xcellent thermal shock res.stance. 
coatabitity. that is. coating capability of a high specific surface area material and a catalyst, and further having 
excellent thermal shock resistance after coating, which body is used e.g. as a carrier for a catalyst for punfying 
exhaust gas of automobile, and a method for producing the cordierite honeycomb-structural booy 

There have recently been increasingly demanded materials having excellent heat res.stance and thermal 
shock resistance corresponding to the progress of industrial technology. Particularly, thermal shock 
resistance is one of the important properties demanded in the ceramic honeycomb catalyst carrier to be used 
in the purifying apparatus for automobile exhaust gas. The ceramic honeycomb catalyst earner to be used in 
the purifying apparatus for automobile exhaust gas is exposed to vigorous heat generation caused by a 
catalytic reaction of uncombusted hydrocarbon with carbon monoxide contained in the exhaust gas and to 
temperature variation by the rapid heating and rapid cooling at the start and stop of engine, and therefore he 
ceramic honeycomb catalyst carrier is demanded to have a thermal shock res.stance high enough to resist the 
thermal stress caused by the temperature difference generated in the honeycomb-structural booy 
Particularly, the ceramic honeycomb catalyst carrier is demanded to have a high thermal shock res.stance in 
order not to be adversely influenced by the arrangement of the purifying apparatus near the engine for the 
DurDOse of increasing the catalytic activity, and by the high speed running of a car. 

This thermal shock resistance is expressed by the tolerable temperature difference in the rapid heating or in 
the rapid cooling, and it has been known that this tolerable temperature difference is in inverse proportion to 
the coefficient of thermal expansion of a honeycomb-structural body among various properties thereof, that .s 
as a ceramic honeycomb-structural body has the smaller coefficient of thermal expansion the 
honeycomb-structural body has the larger tolerable temperature difference, and that, in the "O" 8 ^ 0 ^; 3 ^ 
turalbody its coefficient of thermal expansion in a direction (Fig. 4. axis B direction) perpendicular to the flow 
passage has a particularly high influence upon the tolerable temperature difference. 

It has hitherto been known that cordierite ceramics is low in thermal expansion. For example U.S. Patent 
No 3 885 977 (Japanese Patent Laid-open Application No. 50-75.61 1) discloses an onented cordierrte 
ceramS having a coefficient of thermal expansion of lower than 1 1 * 10 - VC within the <**>*™£™^ 
25-1 000° C in at least one direction. U.S. Patent No. 3.885.977 discloses a planar orientation of cord.er.te due 
to plating clay or delaminated clay of kaoin or the like, and discloses a composition, which uses silica as a raw 
materiL" and has a low coefficient of thermal expansion of 0.56 x 10-«/°C within the temperature range or 

^'Is^iltea type honeycomb-structural body disclosed in U.S. Patent No. 3.885.977 has a 
thermal expansion of (1 .01-1 .08) x 10~«/'C in a direction (in the axis B direction in Fig 4) perpendicular to the 
floTp»m of the honeycomb structure, which is higher than the coefficient of thermal expansion of 
(0 62-0.78) x10-«/°C in the flow passage direction (in the axis A direction in Fig. 4) of the honeycomb 
structure as disclosed in its working examples, and in this U.S. patent, the coeffic.ent o thermal exp lansion in 
the axis B direction, which influences substantially the thermal shock resistance of the honeycomb structural 
Aft hnriv was not able to be satisfactorily decreased. ^. , . 

U S ^ent No 3 950.175 (Japanese Patent Laid-open Application No. 50-75.612) discloses that a cordate 
based porous ceramics having open pores, at least 20«W> of which have a diameter larger tnw J° ^r^* 6 
obtained by replacing partly or wholly talc or clay contained in the starting matenals by pyrophylhte. kyanite. 
quartz, silica such as fused silica, or a silica-alumina source matenal. «,♦„„.♦,,,„■ 
Although this U.S. Patent No. 3,950,175 discloses a cordierite base porous ceramic honeycomb-structural 
body produced by using fused silica as a silica raw material and having a large number of large pores having a 
diameter of larger than 10 urn. this U.S. patent does not disclose the production of a ^^""^n*™ 
cordierite honeycomb-structural body, and in this U.S. patent, a cordierite honeycomb-structural body having 
a low coefficient of thermal expansion in its axis B direction was not able to be obtained. 

J^aneTpa"en° Application Publication No. 57-28.390 discioses that the use of talc having an average 
particle size of 5-150 urn can produce a ceramic honeycomb-structural body having a low thermal expansior .of 
no?higher than 1.6 x 10-«/-C within the temperature range of 25-1.000«»C. However th.s Japanese patent 
application publication does not disclose at all a composition which gives a ceramic honeycomb-structural 
body having a low thermal expansion of lower than 0.9 x 10"«/ o C within the temperature of 25-1 .000 C, 
and a ceramic honeycomb-structural body having satisfactorily low expans.on in both of its axis A and axis a 

- ?2Si«^^ Patent Application No. 227482 thai .finely dMded talc having a 

particle size of not larger than 5 »un is used as a base material, and is used ,n combjnation with high-punty ^non 
crystalline silica and finely divided alumina in order to produce a compact ceramic 

having a porosity of not higher than 3(W>. However, a cordierite honeycomb-structural body having a low 
thermal expansion lower than 0.3 x 10-«/°C within the t mperature range of 40-800" C was not able to be 
obtained by the m thod of this Eur pean patent applicati n. , 
The inventors hav succe ded in the production of a cordierit honeyc mb-structural body hav.ng a 
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porosity of higher than 30% but not higher than 42% and having low thermal expansion in its axis A direction 
and in its axis B direction. 

In a ceramic honeycomb -structural body to b used as a catalyst carri r, not only its low thermal expansion 
property, but also its coatability with a high specific surface area material and a catalyst are important 
prop rti s. 

It has been necessary to coat y-alumina having a large specific surface area on the surface of wan or a 
cordierite honeycomb-structural body in order to support a catalyst substance. The coatability with a high 
specific area material and a catalyst is one of the important properties demanded to a cordiente 
honeycomb-structural body to be used as a catalyst carrier, and the cordierite honeycomb-structural body to 
be used as a catalyst carrier has been demanded to have a certain degree of porosity in order to satisfy the to 
above described demands and to carry out the mass production of cordierite honeycomb catalysts. 

Honeycomb catalyst is produced by coating the surface of a cordierite honeycomb-structural body having a 
low thermal expansion with a high specific surface area material, such as activated alumina or the like, having a 
thermal expansion remarkably higher than that of the cordierite honeycomb-structural body. Therefore, when 
the thermal expansion of a cordierite honeycomb-structural body is merely decreased, the thermal shock 15 
resistance of the resulting honeycomb catalyst can not be improved. That is. such a technic is demanded that 
the increasing of thermal expansion of the cordierite honeycomb-structural body due to the coating its surface 
with a high specific surface area material and a catalyst is suppressed as small as possible. 

Japanese Patent Application Publication No. 51-44.913 discloses that the coatability of a ceramic 
honeycomb-structural body is improved by a method, wherein a ceramic powder is deposited onto the surface 20 
of the thin wall of the honeycomb-structural body, and the ceramic powder-deposited honeycomb-structural 
body is fired to form a surface layer having pores in a volume of not less than 0.1 cm 3 /g, each pore having a 
diameter of not smaller than 5 urn 

However, in the method of this Japanese Patent Application Publication No. 51 44,913, the deposition step 
of ceramic powder to the honeycomb-structural body is required, and the resulting honeycomb catalyst earner 25 
is expensive, and moreover a honeycomb catalyst carrier having pores having a diameter of 0.5-5 urn defined 
in the present invention is difficult to be produced. 

Japanese Patent Laid-open Application No. 58-14,950, discloses that, when activated alumina of a high 
specific surface area material is to be coated onto a cordierite honeycomb-structural body, an organic 
substance, such as methyl cellulose or the like, is precoated onto the honeycomb-structural body so that the 30 
activated alumina can not enter into micro-cracks formed in the cordierite honeycomb-structural body, 
whereby the thermal shock resistance of a cordierite honeycomb catalyst is improved. However, the adhesion 
of high specific surface area material, such as activated alumina, to the cordierite honeycomb-structural body 
is deteriorated during the use of the resulting honeycomb catalyst, and the coated layer is apt to be peeled off. 
Moreover, working steps required for the coating are increased, and the resulting cordierite honeycomb 35 
catalyst is very expensive. 

The inventors have succeeded in the production of a cordierite honeycomb-structural body to be used as a 
catalyst carrier, having excellent thermal shock resistance after coating with a high specific surface area 
material and a catalyst, by limiting not only the porosity and coefficient of thermal expansion, but also the 
distribution of the diameters of pores in the body. 40 

An object of the present invention is to obviate the above described drawbacks and to provide a cordiente 
honeycomb-structural body to be used as a catalyst carrier, having excellent heat resistance and thermal 
shock resistance by limiting the coefficient of thermal expansion in its axis A direction and axis B direction to 
values lower than those of conventional cordierite honeycomb-structural body, and a method for producing 

the body. . 45 

Another object of the present invention is to provide a cordierite honeycomb-structural body to be used as a 
catalyst carrier, having excellent heat resistance and thermal shock resistance, and further having excellent 
coatability with a high specific surface area material and a catalyst, and being small in the deterioration of 
thermal shock resistance, said deterioration being caused by the coating with the high specific surface area 
surface material and the catalyst, which have a higher thermal expansion than that of the cordierite 50 
honeycomb-structural body, and a method for producing the body. 

The first aspect of the present invention lies in a cordierite honeycomb-structural body to be used as a 
catalyst carrier, which has a chemical composition consisting mainly of 42-56% by weight of Si02. 30-45% by 
weight of A ^203 and 12-16% by weight of MgO, has a crystal phase consisting mainly of cordierite, has a 
porosity of higher than 30% but not higher than 42%, and has a coefficient of thermal expansion of not higher 55 
than 0.3 x 10' 6 / o C within the temperature range of 40-800° C in the flow-passage direction (axis A direction in 
Fig. 4) of the honeycomb structure and a coefficient of thermal expansion of not higher than 0.5 x 10 6 /°C 
within the temperature range of 40-800° C in a direction (axis B direction in Fig. 4) perpendicular to the flow 
passage of the honeycomb structure. 

The second aspect of the present invention lies in a method for producing a cordierite honeycomb-structu- 60 
ral body to be used as a catalyst carrier, comprising mixing talc having an average particle size of 5-100 um, 
alumina having an average particle size of not larger than 2 urn. high-purity non-crystalline silica having an 
average particle size f not larger than 15 u,m and oth r cordierite-forming materials so as to form a mixture 
c nsisting mainly of 42-56% by weight of Si0 2 , 30-45% by weight f M 2 Oz and 12-16<V6 by weight f MgO 
calculated as oxides, kneading the mixture together with a plasticizer and an organic binder to form an 65 
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extrudably plasticated batch, extruding the plasticated batch into a shaped article having a hon ycomb 
structure by an extrusion-molding method, drying th shaped article, and firing the dried shaped article at a 
t mperature of 1 ,350-1 ,440° C. 

The third aspect of the pr s nt inv ntion lies in a cordierite hon ycomb-structuraJ body to b us d as a 
5 catalyst carrier, which has furth r such a distribution of the diameters of pores that the total volume of p res 
having a diameter of 0.5-5 |im is not less than 40G/o based on the total pore volume and the total volume of 
pores having a diameter of not smaller than 10 tun is not more than 30<>/o based on the total pore volume in 
addition to the chemical composition, crystal phase, porosity, coefficient of thermal expansion defined in the 
honeycomb-structural body of the first aspect of the present invention. 
w The fourth aspect of the present invention lies in that talc having an average particle size of 5-15 u.m and 
high-purity non-crystalline silica having an average size of not larger than 12 u.m are used in place of the talc 
and high-purity non-crystalline silica used in the method of the second aspect of the present invention. 
For a better understanding of the invention, reference is taken to the accompanying drawings, in which: 
Fig. 1 is a graph illustrating a relation between the coefficient of thermal expansion in the axis A 
15 direction of the cordierite honeycomb-structural body obtained in Example 1 and the thermal shock 

resistance temperature of the body; 

Fig. 2 is a graph illustrating a relation between the coefficient of thermal expansion in the axis B 
direction of the cordierite honeycomb-structural body obtained in Example 1 and the thermal shock 
resistance temperature of the body; 
20 Fig. 3 is a graph illustrating a relation between the average particle size of talc and the coefficient of 

thermal expansion of the resulting cordierite honeycomb-structural body; 
Fig. 4 is a perspective view illustrating one embodiment of honeycomb-structural bodies; 
Fig. 5 is a graph illustrating a relation between the ratio in percentage of the total volume of pores 
having a diameter of 0.5-5 u,m to the total pore volume in a cordierite honeycomb-structural body obtained 
25 in Example 2 and the loading amount of a coating material on the body; 

Fig. 6 is a graph illustrating a relation between the ratio in percentage of the total volume of pores 
having a diameter of not smaller than 10 urn to the total pore volume in a cordierite honeycomb-structural 
body obtained in Example 2 and the loading amount of a coating material on the body; 
Fig. 7 is a graphs illustrating a relation between the coefficient of thermal expansion in the axis A 
30 direction of a cordierite honeycomb-structural body obtain in Example 2 and the thermal shock resistance 

temperature of the honeycomb-structural body; 

Fig. 8 is a graph illustrating a relation between the coefficient of thermal expansion in the axis B 
direction of a cordierite honeycomb-structural body obtained in Example 2 and the thermal shock 
resistance temperature of the body; 
35 Figs. 9a and 9b are SEM (scanning electron microscope) photographs of 50 magnifications and 2.000 

magnifications, respectively, illustrating the crystal structure of the cordierite honeycomb-structural body 
of Sample No. 50 in Example 2; 

Figs. 10a and 10b are SEM photographs of 50 magnifications and 2,000 magnifications, respectively, 
illustrating the crystal structure of the cordierite honeycomb-structural body of Sample No. 54 in Example 
40 2; 

Fig. 1 1 is a schematic view for explaining the regions in the SEM photograph shown in Fig. 9a; 

Fig. 12a and 12b are SEM photographs illustrating crystal structures of the cordierite honeycomb 
structural body of Sample No. 50 at room temperature and at 800° C. respectively, in the same visual field; 
and 

45 Fig. 13 is a graph illustrating thermal expansion hysteresis curves up to 1.200°C of cordierite 

honeycomb-structural bodies of Sample Nos. 50 and 54. 
The reason why a cordierite honeycomb-structural body having a low thermal expansion can be obtained in 
the present invention is as follows. The mechanism in the cordierite-forming reaction of talc, kaolin and alumina 
in the presence of high-purity non-crystalline silica is remarkably different from the mechanism in the cordierite 

50 forming reaction of talc, kaolin and alumina without the use of high-purity non-crystalline silica, and when high 
purity non-crystalline silica is used, cordierite crystal is formed at a higher temperature than that in the case 
wherein high-purity non-crystalline silica is not used. Hence, domains wherein cordierite crystals are oriented 
in a preferable direction, that is, domains having a maximum diameter of. at least 20 urn, wherein the 
crystallographic axes c of cordierite crystals are arranged in the same direction, can be obtained. Moreover, a 

55 micro-structure, wherein idiomorphic cordierite crystals which have an average length of 1-5 urn in their 
crystallographic axis c direction and contain at least 8C*Vo of cordierite crystals having an aspect ratio of 
(length of axis c) /(length of axis a) of at least 1.5, have been predominantly developed. 

Moreover, the micro-structure of the cordierite produced from talc, kaolin, alumina and high-purity 
non-crystalline silica in the present invention has such a characteristic property that, although the amount of 

60 micro-cracks formed in the cordierite is not so different from the amount of micro-cracks formed in the 
cordierite formed from talc, kaolin and alumina, many of micro-cracks are formed extending along the 
crystallographic axis c direction of cordierite crystals in the domain structure, and absorb the positive thermal 
expansions of cordierite crystal in its crystallographic axes a and b directions, and contribute highly to the 
prevention f th expansion of th cordi rite, and hence the resulting honeycomb-structural body is low in the 

65 thermal expansion. 
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When fin ly divided activated alumina is used as a raw mat rial without the use of high-purity non-crystalline 
silica, th r suiting cordi rite hon ycomb-structural body has a remarkably high thermal expansion, and henc 
it is indispensable to use finely divid d activated alumina in combination with high-purity non-crystalline silica 
in the production of a cordierite hon ycomb-structural body having a low thermal expansion in the present 
invention. 5 

It is necessary that the cordierite honeycomb-structural body having a low thermal expansion of the present 
invention has a chemical composition consisting mainly of 42-56% by weight, preferably 47-53% by weight, of 
SiOa. 30-45% by weight, preferably 32-38% by weight, of A^2C>3, and 12-16% by weight, preferably 12.5-15% 
by weight, of MgO. The cordierite honeycomb-structural body may contain incidentally accompanied 
impurities, such as Ti02, CaO, KNaO and FezO^ in a total amount of not larger than 2.5% by weight. W 

It is necessary that the cordierite honeycomb-structural body of the present invention has a crystal phase 
consisting substantially of cordierite crystals, and may contain at least 90% by weight of cordierite crystals. 
The crystal phase may contain other crystals, such as mullite and spinel (including sapphirine). 

When a cordierite honeycomb-structural body has a porosity of not higher than 30%, its coatability with a 
high specific surface material and a catalyst is poor. While, when the honeycomb-structural body has a 15 
porosity higher than 42%. the body is poor in strength and further in thermal shock resistance after coating. 
Therefore, the porosity is limited to higher than 30% but not higher than 42%. 

In the cordierite honeycomb-structural body of the present invention, when either the coefficient of thermal 
expansion within the temperature range of 4O-8O0°C in the flow passages (axis A) direction of the honeycomb 
structure exceeds 0.3 x 10~ 6 /°C, or that within the temperature range of 40-800°C in a direction (axis B 20 
direction) perpendicular to the flow passage of the honeycomb structure exceeds 0.5 x 10- 6 /°C, the 
cordierite honeycomb-structural body is poor in thermal shock resistance. Therefore, the coefficient of 
thermal expansion in the axis A direction is limited to not higher than 0.3 x 10- 6 /°C, and that in the axis B 
direction is limited to not higher than 0.5 x 10- 8 /°C within the temperature range of 40-800°C. The coefficient 
of thermal expansion in the axis A direction is preferably not higher than 0.2 x 10- 6 /°C within the temperature 25 
range of 40-800° C. 

Furthermore, the cordierite honeycomb-structural body of the present invention has excellent thermal 
shock resistance after coating with a high specific surface area material and a catalyst due to the improvement 
of the coatability with the coating material. The reason will be explained hereinafter. 

It has hitherto been known that the water absorption and porosity of a honeycomb-structural body have an 30 
influence upon its coatability with a high specific surface area material, such as activated alumina, and a 
catalyst. However, the inventors have newly found out that pores having a diameter within a certain range, that 
is, pores having a diameter of 0.5 5 urn, have more influence upon the coatability than the porosity has. 
Moreover, the inventors have found out that pores having a diameter of not smaller than 10 um, which have 
been formed in a cordierite honeycomb-structural carrier in order to maintain its porosity, deteriorate 35 
adversely the coatability. and increase the dispersion of the loading amount of a coating material. 

The effect of pores having a diameter of 0.5-5 urn for improving the coatability of a cordierite 
honeycomb-structural body appears probably due to the reason that the depositing speed of a high specific 
surface area material such as activated alumina, or of a catalyst to pores is maximum in the case where the 
pores have a diameter of 0.5-5 |im, due to the particle size of the high specific surface area material and the 40 
water-absorbing phenomenon by the capillary action. When pores have a diameter of not smaller than 10 jxm, 
the loading amount of a coating material on the cordierite honeycomb-structural body disperse due to the 
impregnation of the surface pores with a high specific surface area material. 

Further, it has been found out that the porosity of a cordierite honeycomb structural body has a correlation 
to its coatability. When the porosity is not higher than 30%, the coatability is poor. When the porosity of a 45 
honeycomb-structural body is increased while maintaining the ratio of the total volume of pores having a 
diameter of 0.5-5 yxxn to the total pore volume, the coatability of the honeycomb-structural body is improved, 
but another important property, that is, mechanical strength, required for a honeycomb-structural catalyst is 
deteriorated. 

ft has been newly found out that pores having a diameter of not smaller than 10 fim have an important role so 
with respect to the thermal shock resistance of a cordierite honeycomb structural body after coating with a 
high specific surface area material and a catalyst. Activated alumina having a high specific surface area, which 
is ordinarily used in order to maintain the catalytic activity, has a particle size of 5-10 u,m, and therefore, 
although the depositing speed of the activated alumina is low, the activated alumina particles are easily 
entered into pores having a diameter of not smaller than 10 jim. Particularly, the activated alumina are entered 55 
into the interior of the partition wall of the honeycomb-structural body, causing a remarkably large thermal 
expansion of the honeycomb structural body. Accordingly, it has been found that pores having a diameter of 
not smaller than 10 y,m, which have hitherto been formed in a cordierite honeycomb-structural body in order to 
improve its coatability, have an adverse influence upon both its coatability and its thermal shock resistance 
after coating. 60 

The reason for the limitation in the distribution of the diameters of pores in the honeycombstructural body in 
th third asp ct of th present invention is as follows. 

When total volum of pores having a diam t r of 0.5-5 urn is less than 40% based n the total pore volum , 
the honeycomb-structural body is poor in the coatability, and th refore th total volume of pores having a 
diameter of 0.5-5 um is limited to not less than 40% based on the total por volum . Further, when th total 65 
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v lume of pores having a diameter of not smaller than 10 jam exce ds 30°/o based on the total pore volume, th 
honeycomb-structural b dy is poor in the coatability, causing dispersion in th loading amount, and furth r is 
poor in the thermal shock resistance after coating. Ther f re, the total volume of pores having a diameter of 
not smaller than 10 pirn is limited to not more than 30% bas d on the total pore volume. Further, it is preferable 
5 that the total volume of pores having a diameter of 0.5-5 pm is not less than 50% based on the total pore 
volume, and the total volume of pores having a diameter of not smaller than tO |xm is not more than 20% based 
on the total pore volume. 

In the method for producing cordierite honeycomb-structural bodies according to the second and fourth 
aspects of the present invention, when talc having an average particle size of smaller than 5 u,m is used, the 

W resulting cordierite honeycomb-structural body has an excessively high thermal expansion and has a 
considerably low porosity, and when talc having an average particle size of larger than 100 ujn is used, the 
resulting cordierite honeycomb-structural body has excessively high thermal expansion and porosity. 
Therefore, in the method for producing a cordierite honeycomb-structural body according to the second 
aspect of the present invention, the average particle size of talc is limited to 5-100 iim. Further, when the 

15 average particle size of talc exceeds 15 usn, the above described limitation with respect to the distribution of 
the diameters of pores in the resulting cordierite honeycomb-structural body of the third aspect of the present 
invention cannot be satisfied, and the coatability of the honeycomb-structural body is poor. Therefore, the 
average particle size of talc to be used in the method for producing a cordierite honeycomb-structural body in 
the fourth aspect of the present invention, which has a low thermal expansion and an excellent coatability, is 

20 limited to 5-15 ujti, preferably 7-12 urn. 

When the particle si2e of alumina to be used in the methods of the second and fourth aspects of the present 
invention exceeds 2 jam. the resulting cordierite honeycomb-structural body has an excessively high thermal 
expansion, and hence the average particle size of alumina is limited to not larger than 2 pun. When low-soda 
alumina having an NazO content of not higher than 0. 12% by weight is used, a cordierite honeycomb-structu- 

25 ral body having a low thermal expansion can be produced more easily, and therefore low-soda alumina is 
preferably used. 

When the average particle size of silica to be used in the method of present invention exceeds 15 pun. the 
resulting cordierite honeycomb-structural body is excessively high in the thermal expansion coefficient in its 
axis B direction and in the porosity, and therefore the average particle size of silica to be used in the method of 

30 the second aspect of the present invention is limited to not larger than 15 p/n. Moreover, when the average 
particle size of silica exceeds 12 u/n, the above described limitation with respect to the distribution of the 
diameters of pores in the resulting cordierite honeycomb-structural body of the third aspect of the present 
invention can not be satisfied, and further the honeycomb-structural body is poor in the coatability. Therefore, 
the average particle size of silica to be used in the method of the fourth aspect of the present invention is 

35 limited to not larger than 12 ujn, preferably not larger than 8 u/n. 

When quartz is used as a silica component in the raw material mixture, the resulting cordierite 
honeycomb-structural body is too high in the thermal expansion and in the porosity, and therefore silica to be 
used in the methods of second and fourth aspects of the present invention is limited to non-crystalline silica. 
The use of non crystalline silica in an amount of 8-20% by weight is most effective tor the production of a 

40 cordierite honeycomb-structural body having a low thermal expansion, and hence 8-20% by weight, based on 
the total amount of the raw material mixture, of non-crystalline silica is preferably used. 

The use of kaolin having an average particle size, which is not larger than 2 \im and is not larger than -J- of the 
average particle size of talc, accelerates the orientation of cordierite crystals and results in a cordierite 
honeycomb-structural body having a low thermal expansion. Therefore, kaolin having the above described 

45 average particle size is preferably used in the methods of the second and fourth aspects of the present 
invention. 

The use of aluminum hydroxide having an average particle size of not larger than 2 um as an alumina source 
is very effective for accelerating the orientation of cordierite crystals and for producing a cordierite 
honeycomb-structural body having a tow thermal expansion, and therefore aluminum hydroxide having an 
50 average particle size of not larger than 2 jim is preferably used as an alumina source in the methods of the 
second and fourth aspects of the present invention. 

The following examples are given for the purpose of illustration of this invention and are not intended as 
limitations thereof. 

55 Example 1 

Raw materials having chemical analysis values and particle sizes shown in Table 1 were mixed according to 
the batch composition of Sample Nos. 1-19 shown in Table 2. and the resulting mixture were kneaded together 
with methyl cellulose to form extrusion-moldable batches. 
Then, each batch was extruded into a cylindrical green honeycomb-structural body having a diameter of 93 

60 mm and a height of 100 mm, which body had a wall thickness of 152 u/n and had 62 cells per one square 
centimeter, each cell having a square cross-sectional shape. After the green honeycomb structural body was 
dried, the body was fired at a firing temperature shown in Table 2 to produce a sintered honeycomb-structural 
body. As the properties of th sintered body, the coefficients of thermal expansion in the axis A direction and 
in the axis B dir ction. the porosity, the amount of cordierite crystals and the thermal shock resistance were 

65 measured. The obtained results are shown in Table 2. 
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Th above obtained r suits are i (lust rat d in Figs. 1 -3. Fig. 1 ilfustrat s a relation between th co fficient of 
thermal expansion of th r suiting cordierit hon ycomb-structural body in its axis A dir ction and th thermal 
shock resistance temperature of the body, and Fig. 2 illustrates a relation between the coefficient of thermal 
expansion of th resulting honeycomb structural body in its axis B direction and the thermal shock resistance 
temperatur of th body. Fig. 3 illustrates a relation between the average particle sizes of talc used in Sample 
Nos. 1-7 and the coefficients of thermal expansion of the resulting cordierite honeycomb-structural bodies in 
their axis A direction and in their axis B direction together with the relation between the average particle size of 
talc and the coefficient of thermal expansion of the resulting honeycomb structural body shown in Fig. 1 of 
Japanese Patent Application Publication No. 57-28,390. 

The average particle size of talc (A). (B) and °C) in the raw materials shown in Table 1 was measured by the 
dry separation method by means of JIS standard sieve, and the average particle size of the raw materials other 
than talc (A), (B) and (C) were measured by a Sedigraph sold by Micromeritics Co. 
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It can b seen from th results sh wn in Table 2 that, in Sampl Nos. 2-6, 9-14, 16, 18 and 19, wher in talc 
having an average particle size of 5-100 \xm. alumina having an average particle size of not larger than 2 iim and 



13 



0 278 749 



high-purity non-crystallin silica having an average particle size of not larg than 15 pm are used, th resulting 
cordierite honeycomb-structural body has low co fficients of thermal expansion in its axis A direction and in 
its axis B direction defined in the pres nt inv nti n. 

Furth r, it can be seen from the r suits shown in Tab! 2 that, in Sample Nos. 1 and 7 using talc having a 

5 particle size outside the range defined in th pres nt invention, in Sampl No. 8 using alumina having a particle 
size outside the range defin d in the present invention, in Sampl No. 15 using silica having a particl siz 
outside the range defined in the present invention, and in Sample No. 17 using quartz, cordierite 
honeycomb-structural bodies having a coefficient of thermal expansion either in their axis A direction or in 
their axis B direction defined in the present invention are not obtained. 

to It can be seen from Figs. 1 and 2 that the thermal shock resistance temperature of cordierite 
honeycomb-structural body varies in inverse proportion to its coefficient of thermal expansion, and this 
relation is remarkable between the coefficient of thermal expansion in the axis B direction and the thermal 
shock resistance temperature. It can be seen from Fig. 3 that, in spite of the fact that the talc used in the 
present invention is same in the particle size as talc used in Japanese Patent Application Publication 

15 No. 57-28,390, cordierite honeycomb structural bodies having a very low thermal expansion can be obtained in 
the present invention due to the combination use of high -purity non-crystalline silica and finely divided alumina. 

Example 2 

Raw materials having chemical analysis values and particle sizes shown in Table 1 were mixed according to 
20 the batch composition of Sample Nos. 20-54 shown in Table 3. and the resulting mixtures were kneaded 
together with a ptasticizer to form extrusion-moldable batches. 

Then, each batch was extruded into a cylindrical green honeycomb structural body having a diameter of 93 
mm and a height of 100 mm, which body had a wail thickness of 152 urn and had 62 cells per one square 
centimeter, each cell having a square cross-sectional shape. After the green honeycomb structural body was 
25 dried, the body was fired at a firing temperature shown in Table 3 to produce a sintered honeycomb-structural 
body. As the properties of the sintered body, the coefficients of thermal expansion in the axis A direction and 
in the axis B direction, the porosity, the distribution of the diameters of pores, the amount of cordierite crystals 
and the thermal shock resistance were measured. The obtained results are shown in Table 3. 
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Exampl 3 

The coatability of the cordierite honeycomb-structural body of the present inv ntion was examined in the 
following manner. A mixture of 70<>/o by w ight of y-alumina consisting of a high-specific surface area material, 
25% by w ight of ceria powder and 5% by w ight of alumina sol was mixed with dilut d nitric acid as a pH 
adjusting ag nt to produce 20 £ of a coating slurry having a solid content of 25%. Cordi rite hon ycomb 5 
structural bodies of the sample numbers shown in the following 4 were used among the cordierite 
honeycomb-structural bodies produced in Example 2, and each of the bodies was dipped in the above 
obtained slurry for 3 minutes, taken out from the slurry, placed in air stream to flow away remaining slurry, and 
then dried. The steps from the dipping into slurry to the drying were repeated by 3 times, and then the thus 
treated honeycomb-structural body was fired at 650° C. 10 

The fired honeycomb-structural body was weighed, and the loaded amount of the coating material on the 
honeycomb-structural body by the 3 times of dipping was measured. Further, the thermal shock resistance 
temperature of the cordierite honeycomb-structural body after coating was measured. The obtained results 
are shown in Table 4. 
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Th btained results shown in Table 4 are further illustrated in Figs. 5-8. 

Fig. 5 illustrates a relation b twe nth rati in perc ntage of the total volume of pores having a diam ter of 
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0.5-5 u.m to the total por volume in th honeycomb-structural body and the loading amount of the coating 
material on th body- Fig. 6 illustrates a r lation between the ratio in percentage of the total volume of pores 
having a diarn ter of not small r than 10 um to the total pore volume in th hon ycomb-structural body and the 
loading amount of the coating material on the body. Fig. 7 illustrates a relation betw en the co ffici nt of 
th rmal expansion of the honeycomb-structural body in its axis A dir ction and the th rmal shock resistanc 5 
temperature of the body. Fig. 8 illustrates a relation between the coefficient of thermal expansion of the 
honeycomb-structural body in its axis B direction and the thermal shock resistance temperature of the body. 

It can be seen from the results of the above described experiment that the cordiehte honeycomb-structural 
bodies of Sample Nos. 20-24, 27-32, 34, 36 and 38-53. which have a coefficient of thermal expansion within the 
range defined in the present invention, are equal to or higher than the cordierite honeycomb-structural bodies W 
of Sample Nos. 25, 27, 33 and 37, which have a coefficient of thermal expansion outside the range defined in 
the present invention, in the thermal shock resistance temperature, and have excellent thermal shock 
resistance. 

Further, it can be seen from Table 4, which shows a relation between the distribution of the diameters of the 
pores in the honeycomb-structural body and the loading amount of the coating material on the body or the 15 
thermal shock resistance of the body in the coated state, that cordierite honeycomb-structural bodies, 
wherein the total volume of pores having a diameter of 0.5-5 urn is not less than 40% based on the total pore 
volume and the total volume of pores having a diameter of not smaller than 10 um is not more than 30% based 
on the total pore volume, has excellent coatability and has a high thermal shock resistance temperature after 
coating. 20 

Example 4 

Cordierite honeycomb-structural bodies of the sample numbers shown in the following Table 5 among the 
cordierite honeycomb-structural bodies shown in Table 3 were prepared in the same manner as described in 
Example 2, and the major axis of the smallest domain, the average length of cordierite crystals, the amount 25 
ratio in percentage of crystals having an aspect ratio of at least 1.5, and the I ratio [l(110)/{l(1 10) + 1(002) |] of 
the cordierite crystal on the honeycomb wall surface (on a plane parallel to the extrusion direction of the 
honeycomb-structural body) of each sample were measured. The obtained results are shown in Table 5. 

In Table 5, the major axis of the smallest domain was measured from the major axis of the smaHest domain, 
which can be identified from the SEM photograph of each sample. The length of cordierite crystal and the 30 
amount ratio in percentage of crystals having an aspect ratio of at least 1.5 were measured by a method 
wherein cordierite crystals were randomly selected from the cordierite crystals in the SEM photograph of each 
sample, and the length and width of the crystal were measured, and further the aspect ratio was calculated. 
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It can be seen from the results shown in Table 5 that, in substantially all of th cordi rite 
honeycomb-structural bodies of the present invention, the major axis of th smallest d main is not less than 
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20 vim, the average I ngthofcordi rite crystals is 1-5 \im and th amount ratio in perc ntag of crystals having 
an asp ct ratio of at least 1 .5 is not less than 80%. and thes rang s ar preferable ranges in the present 
inv ntion. Furth r, it has been found that the I ratio of the honeycomb wall surface is preferably within the 
range of at least 0.78. 

Figs. 9a and 9b ar SEM photographs f 50 magnificati ns and 2.000 magnifications, respectively, of the 5 
cordierite honeycomb-structural body of Sample No. 50 (present invention), and Figs. 10a and 10b are SEM 
photographs of 50 magnifications and 2,000 magnifications, respectively, of the cordierite honeycomb-structu- 
ral body of Sample No. 54 (comparative sample). Fig. 11 is a schematic view for explaining various regions in 
the SEM photograph shown in Fig. 9a. 

It can be seen from Figs. 9a. 9b and 1 1 that, in the cordierite honeycomb-structural body of Sample No. 50 of 10 
the present invention, long column-like cordierite idiomorphic crystals, which extend in the crystallographic 
axis c direction and have an average length of 3.5 jim, are predominantly developed to form domains having a 
major axis of not less than 20 \im. Further, it can be seen that crystals having an aspect ratio of at least 1.5 
occupy 850/0 of whole crystals and many micro-cracks are extending along the crystallographic axis c direction 
of crystals in the domain. Large domain has a major axis of not less than 100 |im and is difficult to be identified 15 
by the SEM photograph. 

On the contrary, in the cordierite honeycomb structural body (comparative sample) of Sample No. 54 shown 
in the SEM photographs of Fig. 10a and 10b, the presence of cordierite idiomorphic crystal is not observed in 
almost whole portion of the photographs, and the average length of the idiomorphic crystals is small and is 0.8 
ujti. Accordingly, only relatively small 16 domains (major axis: not less than 10u) are observed in only a part of 20 
the photographs. Although the photograph of 2,000 magnifications shown in Fig. 10b indicates a portion, 
wherein the idiomorphic crystal is developed in a relatively large amount, the amount of crystals having an 
aspect ratio of at least 1.5 is small, and is only 30% as a whole. Although micro-cracks are observed in the 
photograph of Fig. 10b, the relation of the micro-cracks and the cordierite crystal is not clear. 

Figs. 12a and 12b are SEM photographs of the cordierite honeycomb-structural body of Sample No. 50 25 
(present invention) at room temperature and at 800° C, respectively, in the same visual field. It can be 
ascertained from the comparison of Fig. 12a with Fig. 12b that micro-cracks opened at room temperature are 
substantially completely closed at 800° C. This shows thai the presence of micro-cracks contributes to the 
production of low thermal expansion cordierite honeycomb-structural body. 

Fig. 13 illustrates the thermal expansion hysteresis curves up to 1 ,200° C of cordierite honeycomb structural 30 
bodies of Sample No. 50 (present invention) and No. 54 (comparative sample). It can be seen from Fig. 13 that 
the maximum amount of hysteresis (maximum amount of the difference between the thermal expansion at the 
same temperature of the cordierite honeycomb-structural body in the expansion curve during the heating and 
in the shrinking curve during the cooling) of the body of Sample No. 50 is 0.086%, and the maximum amount of 
hysteresis of the body of Sample No. 54 is 0.068%. It is thought that the maximum amount of hysteresis 35 
indicates the amount of micro-cracks and the effect for the production of a low thermal expansion cordierite 
honeycomb-structural body. Since there is no significant difference in the amount of micro-cracks in the 
observation of microstructure between the body of Sample No. 50 and the body of Sample No. 54, the effect of 
micro-cracks for the production of low-thermal expansion cordierite honeycomb-structuraJ body is higher in 
the body of Sample No. 50 than in the body of Sample No. 54. 40 

As described above, according to the present invention, a cordierite honeycomb structural body having 
excellent heat resistance and thermal shock resistance, which body has a porosity of higher than 30% but not 
higher than 42% and coefficients of thermal expansion of not higher than 0.3 x 10- 6 /°C in its axis A direction 
and of not higher than 0.5 x 10~ a /°C in its axis B direction within the temperature range of 40-800°C, can be 
obtained. Moreover, when the distribution of the diameters of pores in the above described cordierite 45 
honeycomb-structural body is property limited, there can be obtained a cordierite honeycomb-structural body 
to be used as a catalyst carrier, which has improved shock resistance and coatability with a high specific 
surface area material and a catalyst, and is small in the deterioration of the thermal shock resistance after 
coating, said deterioration being caused by the coating with the high specific surface area material and the 
catalyst, which have a higher thermal expansion than that of the cordierite carrier. Therefore, the cordierite SO 
honeycomb structural body is very useful as a ceramic carrier for supporting catalyst, which is required to have 
particularly high heat resistance and thermal shock resistance and is used in an increasing amount 
corresponding to the manifolding of the purification apparatus for exhaust gas of automobile and to the high 
speed running of automobile. 



Claims 

1. A cordierite honeycomb-structural body to be used as a catalyst carrier, having a composition 60 
consisting mainly of 42-56% by weight of Si02, 30-45% by weight of AlaOa and 12-16% by weight of 
MgO, having a crystal phas consisting mainly of cordiorit , having a porosity of high r than 30% but n t 
higher than 42%, and having a coefficient of th rmal expansion of n t high r than 0.3 x 10" 6 /°C within 
th temperature range of 40-800° C in the flow-passage direction of the honeycomb structure and a 
coefficient of thermal expansion of not higher than 0.5x10- 6 /°C within th temperatur range of 65 
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40-800° C in a direction p rpendicular to the flow-passag of the honeycomb structure. 

2. A c rdi rit honeyc mb-structural body according to claim 1, wherein the coefficient of thermal 
xpansion within the temperature range of 40-800° C in the flow-passag direction f the hon ycomb 
structure is not higher than 0.2 x 10- 6 /°C. 
5 3. A cordierite honeycomb structural body according to claim 1 or claim 2 which has such a distribution 

of the diameters of pores that the total volum of pores having a diameter of 0.5-5 urn is n tl ss than 40% 
based on total pore volume and the total volume of pores having a diameter of not smaller than 10 u,m is 
not more than 30% based on the total pore volume. 

4. A cordierite honeycomb-structural body according to claim 3 which has a pore volume such a 
w distribution of the diameters of pores that the total volume of pores having a diameter of 0.5-5 um is not 

less than 50% based on the total pore volume and the total volume of pores having a diameter of not 
smaller than 10 u*n is not more than 20% based on the total pore volume. 

5. A cordierite honeycomb-structural body according to any one of claims 1 to 4 which has a cordierite 
aggregate (domain) having a maximum diameter of at least 20 u/n, wherein the crystallographic axis c of 

75 the cordierite crystals are arranged in the same direction. 

6. A cordierite honeycomb-structural body according to any one of claims 1 to 5 wherein the average 
length of the cordierite crystals in the crystallographic axis c direction is 1-5 nm and at least 80% of the 
cordierite crystals have an aspect ratio of a ratio of (length of axis c)/(length of axis a) of at least 1 .5. 

7. A cordierite honeycomb-structural body according to any one of claims 1 to 6 wherein micro-cracks 
20 are formed extending along the crystallographic axis c of the cordierite crystal in the domain structure. 

8. A cordierite honeycomb-structural body according to any one of claims 1 to 7 wherein the cordierite 
crystals has an I ratio of l-l(110)/{l(110) + 1(002)} of at least 0.78 on the honeycomb wall surface (on a 
plane parallel to the extrusion direction of the honeycomb-structural body). 

9. A method for producing a cordierite honeycomb-structural body to be used as a catalyst carrier. 
25 comprising mixing talc having an average particle size of 5-100 ujti, alumina having an average particle 

size of not larger than 2 jtm, high-purity non-crystalline silica having an average particle size of not larger 
than 15 urn and optionally other cordierite-forming materials so as to form a mixture consisting mainly of 
42-56% by weight of SiC>2. 30-45% by weight of M2O3 and 12-16% by weight of MgO calculated as 
oxides, kneading the mixture together with a piasticizer and an organic binder to form an extrudably 
30 plasticated batch, extruding the plastlcated batch into a shaped article having a honeycomb structure by 

an extrusion-molding method, drying the shaped article, and firing the dried shaped article at a 
temperature of 1 .350-1 .440° C. ^ ^ 

10. A method according to claim 9. wherein alumina having an Na20 content of not higher than 0.12% by 
weight is used. 

35 1 1 . A method according to claim 9 or claim 10 wherein kaolin having an average particle size of not larger 

than 2 urn is used. 

12. A method according to any one of claims 9 to 1 1 wherein talc having an average particle size of 7-50 
urn is used. . 

13. A method according to any one of claims 9 to 12 wherein the starting material mixture contains 
40 8-20% by weight of the high-purity non-crystalline silica. 

14. A method according to any one of claims 9 to 13 wherein talc having an average particle size of 
5-15ujn and high-purity non-crystalline silica having an average particle size of not larger than 12 \un are 
used. 

15. A method according to claim 14, wherein talc having an average particle size of 7-12 um is used. 

45 16. A method according to claim 14 or 15 wherein high-purity non crystalline silica having an average 

particle size of not larger than 8 usn is used. 
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